Nod1 is a member of the NLR/Nod/CATERPILLER family. It acts as a sensor for intracellular bacteria by recognizing specific glycopeptides derived from peptidoglycan. Nod1 activation mediates distinct cellular responses including activation of MAP kinases, IL-8 release, apoptosis and suppression of several estrogen-dependent responses in MCF-7 cells. Here we have extended these studies by identifying key regulatory steps in Nod1-dependent signaling pathways. We provide multiple lines of data showing that Nod1-dependent apoptosis is a caspase 8-mediated event and that apoptosis requires RIP2. In contrast, several lines of evidence show that Nod1-dependent JNK activation and IL-8 production did not require the presence of caspase 8 but required activation of TAK1 as well as RIP2. Thus, we have identified several key control points that lie downstream of Nod1. This work provides the basis for further studies of the biological significance and regulation of the Nod1 pathway.
This protein family also includes a closely related protein known as Nod2. 3 Nod1 and Nod2 are thought to function in innate and adaptive immunity, inflammation as well as a variety of other processes that determine the balance between health and disease. The most clearly defined function for these proteins is in recognition of intracellular bacteria primarily through sensing glycopeptides derived from microbial peptidoglycan. [4] [5] [6] NLR family members are characterized by a centrally located oligomerization and nucleotide-binding domain (NBD) domain that is followed by multiple leucine-rich repeat domains at the carboxy-terminus. The effector functions of NLR family members are determined by the sequence of the amino terminal domains; Nod1 contains a single caspase recruitment domain (CARD) domain whereas Nod2 contains two CARD domains that provide binding sites for other CARD domain containing proteins. Current models that explain how Nod1 and Nod2 undergo ligand-dependent activation suggest that there is a ligand-dependent selfassociation step that facilitates binding of additional proteins which determine various downstream signaling events. 7 Activation of Nod1 and Nod2 initiate a variety of cellular responses including NF-kB and MAPK activation, cytokine production and apoptosis. [8] [9] [10] Recently we described an unanticipated Nod1-dependent pathway of apoptosis and control of the growth of the estrogen-sensitive breast cancer cell line, MCF-7 cells. 9 We reported how addition of the Nod1 peptidic ligand, Ala-gGludiaminopimelic acid (gTriDAP), induced apoptosis and IL-8 secretion in MCF-7 cells. These responses require Nod1 protein expression. This was clearly shown because we isolated and characterized a Nod1-deficient cell clone we termed MCF-7 C20 that failed to respond to gTriDAP until we re-expressed Nod1 wt protein. 9 The Nod1-expressing C20
clone regained sensitivity to gTriDAP as measured by either IL-8 secretion or induction of cell death. Here we have utilized MCF-7 cells to further define the downstream signaling pathways that initiate multiple cellular responses that depend on activation of Nod1 by its specific ligand. These responses include Nod1-dependent apoptosis, JNK activation and IL-8 production. We show that RIP2 is a key component of Nod1 signaling controlling both JNK and apoptosis. Most surprisingly expression of a kinase-dead form of RIP2 supports Nod1-dependent events as well as a kinase-active (wt) form of RIP2. Further we showed that the kinase TAK1 is important for JNK activation but not for Nod1-dependent apoptosis. In fact we noted that expression of a kinase-dead form of TAK1 markedly increased the sensitivity of MCF-7 cells to cell death. Finally, we showed that in MCF-7 cells Nod1-dependent apoptosis is dependent on caspase 8. In totality these data provide a new understanding of the molecular mechanisms of Nod1 signaling pathways.
Results
The P-loop residue K208 is required for ligand-dependent Nod1 signaling in activation of MCF-7 cells. We first wished to extend previous findings suggesting that the K208 residue within the P-loop of Nod1 is important for functional responses. 11 However, the previous study used transient overexpression of Nod1 in 293 cells where activation of Nod1 resulted from overexpression rather than from a liganddependent event. It is important to note that all experiments described here use the Nod1-specific ligand gTriDAP to study activation of Nod1 in MCF-7 cells. Thus, we used the Nod1-deficient MCF-7 C20 line to establish a stably transfected clone expressing the K208R mutant. Cells were stimulated with gTriDAP in the presence of cycloheximide (CHX) to enhance the responses of MCF-7 cells. Expression of Nod1 with the K208R mutation completely prevented Nod1-dependent JNK activation, apoptosis and IL-8 secretion (Figure 1a-c) . Expression levels for Nod1 wt and Nod1 K208R protein was similar as shown by Western blot analysis (Figure 1d) . Thus, the K208 residue in the P-loop is important in ligand-dependent activation of Nod1 for each of the three pathways investigated.
RIP2 is a critical component of Nod1 signaling pathways in MCF-7 cells. Nod1 activation is thought to involve formation of a multiprotein signaling complex that includes RIP2. 7 A role for RIP2 was first identified by others using transient expression in 293 cells and in studies with RIP2 knockout mice. 12, 13 Here we further analyzed the role of RIP2 by specifically evaluating the role of two of its principal domains: the CARD and the kinase domains. Stable expression of RIP2 lacking its CARD domain in MCF-7 cells completely abrogated Nod1-induced JNK activation, cell death and IL-8 secretion (Figure 2a, c and d) . Thus, this truncated form of RIP2 acts as a dominant-negative protein.
In contrast, stable overexpression of RIP2 wt or a catalytically inactive RIP2 (RIP2-KD) substantially increased each of the pathways measured when compared to a C20/ Nod1 wt C20/ Nod1 K208R C20 C20/ Nod1 wt Figure 1 The P-loop residue K208 of Nod1 is important for gTriDAP-induced JNK activation, apoptosis induction and IL-8 release in MCF-7 cells. (a) MCF-7 C20, MCF-7 C20 stably expressing either Nod1 wt (MCF-7 C20/Nod1) or Nod1 K208R (MCF-7 C20/Nod1 K208R) were left untreated or treated with gTriDAP (20 mg/ml) in the presence or absence of CHX (0.5 mg/ml) for 2 h. Cell lysates were prepared and phosphorylation of JNK was analyzed using anti-phospho JNK (Thr183/Tyr185) antibody. The same blots were reprobed for anti-JNK expression, indicating equal protein loading under all conditions. (b) Cells were left untreated or treated with gTriDAP in the presence or absence of CHX (3 mg/ml) for 48 h. Cells were incubated with PI and apoptotic cell death was measured by flow cytometry. (c) Cells were stimulated with gTriDAP in the presence or absence of CHX (0.5 mg/ml) for 24 h. Cell supernatants were harvested and assayed for IL-8 secretion. (Figure 2b ). In contrast to effects on the Nod1 pathway, expression of the RIP2 constructs did not change TNFa-induced cell death (Figure 2e ) or IL-8 production (not shown). We also expressed RIP2-KD in Nod1-deficient MCF-7 C20 cells. As expected, treatment with gTriDAP did not induce apoptosis ( Figure 2f ). This result excludes alternative pathways involving RIP2 that lead to cell death but are independent of Nod1 expression.
To further substantiate the role of RIP2 in Nod1 signaling we used RIP2-targeting small-interfering RNAs (siRNAs). We identified a selective siRNA for RIP2 that reduced expression of RIP2 protein (Figure 2i ). Expression of this siRNA resulted in diminished apoptosis and IL-8 secretion in gTriDAPstimulated cells (Figure 2g and h Figure 3a) . In PCR studies not shown we determined that all cell lines tested expressed Nod1 mRNA whereas in contrast HT-29, SKBR3 and T47D but not HeLa cells expressed Nod2 mRNA. Interestingly, the Nod2-positive cell lines all produced increased IL-8 when RIP2-KD was stably expressed following addition of MDP. In contrast, the Nod2-negative HeLa cells failed to respond to MDP even in the presence of RIP2-KD showing the absolute requirement for Nod2. Expression of either RIP2-KD or RIP2-DCARD failed to change the pattern of TNFa-induced IL-8 production in the same cell panel indicating the specificity of RIP2 for Nod1 and Nod2 signaling. It is interesting to note that these experiments were carried out in the absence of CHX, suggesting that RIP2-KD dramatically changes the sensitivity of cells to gTriDAP. Similar protein expression levels of RIP2-KD and RIP2-DCARD was noted in all four lines as determined by Western blotting (Figure 3b ). T47D cells stably expressing Nod1 or RIP2KD did not respond to gTriDAP despite strong expression of each protein. This reflects the variability of Nod1 responses from cell to cell. It is possible that gTriDAP did not enter inside the cells owing to some features of the plasma membrane of these cells. These cells might also express high levels of inhibitors on Nod1 itself or Nod1 signaling pathway. Taken together these data suggest that the observations made with MCF-7 cells are extendable to other cell lines of epithelial origin and that RIP2 provides a key control point in signaling via Nod1-and Nod2-dependent cellular activation.
Results noted above provided us with an unexpected result whereby expression of RIP2-KD enhanced cellular responses to MDP in cell lines where Nod2 is expressed. Without RIP2-KD expression these lines failed to respond to MDP despite the presence of Nod2 protein. This prompted to further explore the role of RIP2 in the Nod2 pathway using MCF-7 cells. We examined the effects of MDP on IL-8 production and apoptosis in cells stably expressing either Nod2 or RIP2-KD. We previously reported that MCF-7 cells overexpressing Nod2 do not undergo apoptosis upon MDP treatment although MDP treatment does induce release of IL-8 protein. 
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Nod1 signaling pathway J da Silva Correia et al ( Figure 4b ). In contrast, MCF-7 cells expressing Nod2, RIP2 wt or RIP2-KD, but not RIP2-DCARD, all showed increased release of IL8 when compared with the parental MCF-7 cell line ( Figure 4c ). In their totality these data further support our contention that RIP2 provides a key regulatory function in both the Nod1 and Nod2 pathways coupling their activation to multiple downstream effects.
Nod1-dependent cytokine release requires TAK1. TAK1 has been implicated in Nod2 signaling. 14 To examine whether TAK1 plays a role in Nod1 signaling in MCF-7 cells, we first evaluated the effects of a kinase-dead form of TAK1 (TAK1-KD) on Nod1-dependent JNK activation, induction of apoptosis and IL8 release. MCF-7 cells stably expressing TAK1 wt or TAK1-KD were treated with gTriDAP. We found that TAK1-KD but not TAK1 wt specifically inhibited JNK activation and IL-8 release (Figure 5a and d) . In contrast expression of TAK1-KD enhanced the sensitivity to Nod1-dependent cell death at least twofold when compared to the control MCF-7 line (Figure 5c ). Expression of TAK1 wt, TAK1-KD and Nod1 was confirmed by Western blotting (Figure 5b ). As the dominant-negative form of TAK1 can block Nod1 signaling, we next asked whether gTriDAP treatment resulted in TAK1 activation. Figure 5e shows that addition of gTriDAP caused phosphorylation of TAK1 that was maximal at 2 h showing similar kinetics as noted with JNK phosphorylation. In contrast TNFa-induced phosphorylation of TAK1 was detectable as early as 15 min after TNFa exposure. We further evaluated the role of TAK1 by using TAK1-targeting siRNAs. We identified two sets of specific siRNAs that specifically reduced the expression of TAK1 (Figure 5h) . Depletion of TAK1 resulted in a dramatic decrease of IL-8 release (Figure 5f ) and JNK activation (Supplementary Figure S1 ) in response to Nod1 activation and enhanced cell death (Figure 5g) , further confirming the observations made with TAK1-KD. Role of other protein adaptors and protein kinases in Nod1-dependent cell activation. We also examined the effect of expression of a variety of other molecules associated with signal transduction because of activities as either adaptor proteins or kinases. The effects of individual proteins on Nod1-dependent IL-8 production and on apoptosis are summarized for each protein in Table 1 (see also Supplementary Figure S2) . These included CARD6, CARD8, PYNOD, ASC and ASC2. Deletion mutants of ASC were also used: the pyrin domain, reported to act as a dominant negative, 15 as well as the CARD domain. Other signaling molecules involved in NF-kB signaling pathway and apoptosis were also studied by overexpression of their respective dominant-negative forms (ASK1-KD, NIK-KD, FADD-D and TRAF6-D). These proteins were stably overexpressed in MCF-7 Nod1 cells and apoptosis and IL-8 release assessed upon gTriDAP exposure. None of the tested proteins altered the Nod1 apoptotic signaling pathway in a significant manner. Expectedly, dominant-negative forms of NIK and IkB-a both blocked gTriDAP-and TNFa-induced IL-8 secretion. Blocking of ASK1, a protein kinase involved in various apoptotic pathways, 16 had no effect on Nod1 signaling pathway. Dominant-negative form of FADD did not alter Nod1 signaling, but significantly reduced TNFainduced apoptosis. We also observed that overexpression of ASC enhanced IL-8 release by twofold. This effect was also observed when only the CARD domain of ASC was introduced into cells. Additonal studies are underway to explore the role of ASC in Nod1 signaling.
Nod1-induced apoptosis is caspase 8 dependent. Inohara et al. 11 reported that Nod1-enhanced caspase 9-dependent apoptosis. However these data were obtained after transient overexpression of Nod1 and various caspases. To identify the initiator caspase for Nod1-mediated cell apoptosis in MCF-7 cells we used approaches that included the expression of intracellular caspase inhibitors, the use of pharmacologic caspase inhibitors as well as depletion of caspases with siRNA. In results not shown we observed that the pharmacologic inhibitors of both caspase 8 and caspase 9 reduced Nod1-dependent apoptosis in MCF-7 cells. These data suggested a role for either caspase 8 or 9 as the initiator caspase. It is well known that the pharmacologic inhibitors are not completely specific so we utilized more precise approaches to distinguish between caspase 8 and caspase 9. We used several protein inhibitors that can be stably expressed in MCF-7 cells. CLARP (also known as c-FLIP) has been described as a specific inhibitor of caspase 8.
17
CLARP interacts with caspase 8 and FADD and blocks apoptosis induced by various ligand-receptor pairs including Fas, TNFa and TRAIL. 18, 19 When MCF-7 CLARP cells were incubated with gTriDAP cell death was totally inhibited, suggesting that the Nod1-induced apoptotic pathway overlaps with a pathway initiated by caspase 8 (Figure 6a) . Another antiapoptotic protein, Bcl-2, prevents release of cytochrome c from mitochondria and blocks the Apaf1/ caspase 9 complex. 20 Stable overexpression of Bcl-2 in MCF-7 cells reduced gTriDAP-induced cell death to a limited extent suggesting the involvement of caspase 9 in Nod1 apoptotic pathway (Figure 6b ). By contrast, neither CLARP or Bcl-2 expression reduced IL-8 release (Figure 6c and d) indicating their action on apoptotic pathways and not other Nod1-dependent events.
To further support our contention that caspase 8 is the initiator caspase, siRNA experiments were performed. MCF-7 Nod1 cells were transfected with specific caspase 8 and caspase 9 siRNAs that effectively depleted expression of the respective proteins (Figure 6e ). Cells were stimulated with gTriDAP and we observed that caspase 8 but not caspase 9 depletion resulted in complete abrogation of gTriDAP-induced cell death (Figure 6f ). In contrast neither siRNA reduced IL-8 release (Figure 6g ). In totality, these experiments support the contention that caspase 8 plays a predominant role in initiating gTriDAP-induced apoptosis in MCF-7 cells.
Discussion
Nod1 is thought to be involved in innate immune responses through its function as a sensor of intracellular bacteria although the mechanisms involved in this process are not well defined. Before our recent work with MCF-7 cells most studies have been performed under conditions where Nod1 is overexpressed by transient transfection and consequently activation was constitutive and not ligand-dependent changes. 8, 10, 11, 21 This has left a substantial gap in our knowledge about the regulation of Nod1 signaling when activation is initiated by a specific ligand. Thus, we wished to bridge this gap by studying Nod1 signaling in a cell line where we have also defined a unique Nod1-dependent biological activity demonstrable in an animal model. 9 We have used the human breast cancer cell line MCF-7 to identify additional cellular components that regulate ligand-dependent Nod1 activation. Specifically we examined the pathways leading to Nod1-dependent JNK activation, IL-8 production and apoptosis. Now, we have established a number of important features of Nod1 and its downstream signaling pathways in controlling multiple aspects of Nod1 signaling leading to JNK activation, (+) o500 ng/ml, (++) 500-1500 ng/ml and (+++) 41500 ng/ml Nod1 signaling pathway J da Silva Correia et al cytokine production and induction of apoptosis. We showed that the kinase activity of RIP2 is not required for its function in Nod1 signaling pathways. In fact, the extent of changes linked to Nod1 was enhanced when compared to either the parental cells or those overexpressing RIP2-KD. We also confirmed the importance of the CARD domain of RIP2 in the Nod1 pathway as expression of RIP2-DCARD prevented all Nod1-dependent signaling. Another kinase, TAK1, is activated following addition of the Nod1 ligand. Several lines of evidence support a key role for TAK1 in JNK activation and IL-8 production but not apoptosis. These data include the expression of a dominant-negative form of TAK1 as well as siRNA depletion of endogenous TAK1. Finally we provided multiple lines of evidence to establish a key role for caspase 8 as the initiator caspase in Nod1-dependent apoptosis in MCF-7 cells. The P-loop is found in a number of proteins known to regulate apoptosis including Nod1. [22] [23] [24] Here we confirmed that the P-loop residue K208 plays a key role in the consequences of Nod1 activation including JNK phosphorylation, IL-8 production and apoptosis. This finding suggests that the P-loop is involved in key step that is central to the most proximal events associated with ligand-dependent activation. This is likely to reflect the oligomerization of Nod1 and the subsequent formation of a multiprotein complex essential for downstream activation pathways.
It is well known that CHX used at high concentrations promotes apoptosis through inhibition of transcription of antiapoptotic molecules such as c-FLIP or other inducible molecules. 25 Used at lower concentration, CHX enhances signaling pathways activated by extracellular stimuli by inducing a low level of cell stress although the exact mechanisms whereby this occurs are unknown. [26] [27] [28] Several mechanisms have been proposed to explain gene superinduction by CHX. These include an increase in mRNA stability, 29 increase in transcription, 30, 31 and stimulation of intracellular signaling pathways. 27, 32 Moreover, we observed that gTriDAP could induce apoptosis in the absence of CHX in MCF-7 and SK-BR3 cells (Supplementary Figure S3a-b) . Cells primed with IFNg underwent extensive cell death when exposed to gTriDAP. Finally, we observed that gTriDAP Figure S3c-d) . In totality, the data provided here together with Supplementary Data argue strongly for the physiological relevance of the Nod1-induced cell pathway. The CARD domain of RIP2 has been shown to be important for a number of signaling pathways in both the innate and adaptive immune systems. [33] [34] [35] For example, RIP2-deficient cells show impaired MAPK and cytokine responses that depend on TLR or IL-1/IL-18 receptor signaling. Here, we have shown that RIP2 requires its CARD domain but not its kinase activity in order to participate in Nod1-dependent signaling. Interestingly, kinase-dead RIP2 has also been shown to support Nod2 signaling. RIP2 has been reported to depend on TRAF6, 34 ,36 but here we noted that expression of a dominant-negative form of TRAF6 did not impair gTriDAPinduced cell activation. Some cell lines expressing either endogenous or expressed Nod2, including MCF-7 cells, that failed to respond to the Nod2 ligand MDP, become responsive to MDP when RIP2-KD is expressed. Thus in their totality our data supports the contention that RIP2 is an obligatory component in all Nod1-dependent events and appears to be a key control point in both Nod1 and Nod2 activation pathways. However, the role of its intrinsic kinase activity in these signaling pathways remains unknown.
Here we also showed that TAK1 appears to play an essential role in Nod1 signaling in MCF-7 cells. TAK1 has been shown to be important in TNFa, IL-1b and LPS signaling cascades. [37] [38] [39] Recently, a crosstalk between Nod2 and TAK1 has been reported indicating that TAK1 is required for Nod2-dependent NF-kB activation and that Nod2 may act reciprocally to block TAK1-induced NF-kB activation in some cell types.
14 Nod1-induced phosphorylation of TAK1 peaked at 2 h after addition of gTriDAP in MCF-7 cells. This delayed activation may reflect the kinetic of entry of the peptide in cells rather than an indirect effect of gTriDAP. We observed that JNK activation was not changed in MCF-7 cells stably expressing a dominant-negative form of IkB-a (IkB-a-D), ruling out a possible role of NF-kB by a feedback mechanism (Supplementary Figure S4) . Importantly, IkB-a-D blocked both TNF-and gTriDAP-induced IL-8 production showing that this construct acts as a true dominant-negative form. We further showed an important role for TAK1 in Nod1-induced JNK activation and in IL-8 production. Interestingly, expression of TAK1-KD-enhanced Nod1-dependent apoptosis. Finally, we confirmed these findings using siRNA depletion further supporting our conclusions that TAK1 functions at a bifurcation in the Nod1 signaling pathways.
We have also provided multiple lines of evidence supporting the contention that Nod1 initiates a caspase 8-dependent cell death pathway. Specific inhibitors of apoptosis such as CLARP, a specific caspase 8 inhibitor, totally abrogated Nod1-induced cell killing suggesting that the extrinsic apoptotic pathway or receptor-dependent pathway plays the most important role. In contrast, overexpression of antiapoptotic Bcl-2 molecule prevented Nod1-induced apoptosis in a limited manner. Activation of caspase 9 is likely a secondary event during the apoptotic process triggered by gTriDAP. Apoptosis can occur through different pathways. It has been reported that type I cells produce large amounts of active caspase 8 that can directly trigger an apoptotic response bypassing the mitochondrial pathway. 40 Apoptosis cannot be blocked by overexpression of Bcl2 in these cells as caspase activation is independent of the mitochondria. By contrast, in type II cells such as MCF-7 cells caspase 8-initiated death requires the involvement of the mitochondrial pathway, thus allowing Bcl2 to partially suppress the apoptotic cascade. Our findings stand in contrast to a previous study that reported on effects of overexpression of Nod1 on proteolytic processing of procaspase 9 but not caspase 8.
11 However, our data reflect endogenous pathways triggered by a specific Nod1 ligand. Thus, we contend that the caspase 8 dependency reflects a physiologically relevant pathway.
The results described herein indicate that Nod1 signaling complex leads to activation of at least two distinct effector functions, JNK activation and cytokine release and induction of apoptosis. The model shown in Figure 7 indicates that signaling begins with oligomerization of Nod1 through its NBD domain in the presence gTriDAP. RIP2 is subsequently recruited to Nod1 through CARD-CARD interactions and triggers events that lead to cell death controlled by caspase 8, and JNK activation and cytokine release controlled by TAK1. Nod1 signaling pathway J da Silva Correia et al with 10% fetal bovine serum, 2 mM glutamine, 100 U/ml penicillin and 10 mg/ml streptomycin.
Reagents. Anti-phospho JNK (Thr183/Tyr185), anti-JNK, anti-phospho TAK1 (Thr184/187), anti-TAK1, anti-caspase 8 and anti-caspase 9 antibodies were from Cell Signaling Technology Inc (Beverly, MA, USA). M2 anti-FLAG monoclonal antibody was from Sigma Chemicals Co. (St Louis, MO, USA). Polyclonal rabbit anti-Myc antibody was from Upstate Biotechnology (Lake Placid, NY, USA) and monoclonal anti-Myc 9E10 and anti-ERK2 were from Santa Cruz Biotechnology Inc (Santa Cruz, CA, USA). Monoclonal anti-HA 12CA5 antibody was from Roche Applied Science (Indianapolis, IN, USA) . Polyclonal rabbit anti-RIP2 was from Cayman Chemical (Ann Arbor, MI, USA). Protein A-Sepharose was from Amersham Pharmacia Biotech Ltd (Piscataway, NJ, USA). CHX was obtained from Sigma. Human recombinant TNFa was purchased from R&D Systems (Minneapolis, MN, USA). MDP was purchased from BACHEM (Torrance, CA, USA). gTriDAP and aTriDAP were chemically synthesized by Anaspec Inc (San Jose, CA, USA).
Mammalian expression constructs and site-directed mutagenesis. Human FLAG-Nod1, FLAG-Nod2 and cDNAs were obtained from Dr G Nuňez (University of Michigan Medical School). Human Myc-RIP2 wt and Myc-RIP2 (K47A) were a gift from Dr C Vincenz (University of Michigan Medical School). Nod1 mutant K208R was constructed by site-directed mutagenesis with overlapping extension method by PCR using Nod1 wt DNA templates. Myc-RIP2-DCARD was generated by deletion of the carboxy-terminal CARD domain and cloning into the pcDNA4/Myc/His plasmid (Invitrogen, Carlsbad, CA, USA). HA-TAK1 wt and HA-TAK1-KD (K63W) were described previously. 39 Open-reading frames of the following genes (CARD6, CARD8, PYNOD, ASC, ASC2, IkB-a and FADD) were amplified by PCR and cloned into pcDNA3/Myc, pFLAG-CMV5.1 or pcDNA3/HA vectors. The nucleotide sequences were all confirmed by DNA sequencing.
Retroviral transfections. The various genes described above were cloned into pMSCV-Blasto, pBabe-Puro or pBabe-Neo retroviral vectors. MCF-7 cells were stably transfected as described. Briefly, amphotropic 293 cells were transfected with pMSCV or pBabe vectors encoding for various proteins in 10-cm Petri dishes using Lipofectamine/Reagent Plus (Invitrogen). Twenty-four hour post-transfection, cells were incubated overnight at 321C to produce viral particles. Target cells were infected the next day with 293 cells supernatants containing recombinant retroviral particles and in the presence of 10 mg/ml polybrene (Sigma) by centrifugation at 2500 Â g for 90 min at 321C. Cells were selected with 10 mg/ml blasticidin S (Calbiochem), 5 mg/ml puromycin (Calbiochem) or 500 mg/ml gentamycin (Invitrogen). The expression of all constructs was confirmed by Western blot analysis. MCF-7 C20 cells were infected with Myc-Nod1. Single colonies were obtained by limiting dilution. Clones were tested for expression of Nod1 and selected for further analysis.
Preparation of cell lysates. Cells were washed extensively and lysed in lysis buffer containing 50 mM Hepes, 100 mM NaCl, 2 mM EDTA, 10% glycerol, 1% Nonidet P-40, 14 mM pepstatin A, 100 mM leupeptin, 3 mM benzamidine, 1 mM PMSF, 1 mM sodium pyrophosphate, 10 mM sodium orthovanadate, 100 U/ml aprotinin, 100 mM sodium fluoride. After incubation for 30 min on ice, cell lysates were centrifuged (14 000 r.p.m. for 10 min at 41C) and the supernatants were recovered.
Immunoprecipitation and Western blot analysis. Cell lysates were precleared three times for 20 min at 41C with 20 ml of protein A-Sepharose beads, and mixed with 5 mg of M2 Mab for 3 h at 41C under constant agitation. Immune complexes were allowed to bind to 20 ml protein A-Sepharose beads overnight, beads were washed three times with lysis buffer and the washed beads resuspended in 30 ml of Laemmli buffer and boiled for 7 min. Immunoprecipitates were separated on SDS-PAGE and transferred to nitrocellulose membranes. Filters were blocked with 3% BSA in blocking buffer (TBS, 50 mM Tris.Cl, pH 7.5; 150 mM NaCl; 0.1% Tween 20) , and incubated with anti-FLAG, anti-HA or anti-Myc antibody for 2 h and with peroxidase-conjugated secondary antibody for 1 h at ambient temperature. Specific bands were revealed using the ECL Plus system (Amersham).
Cell viability assays. Cells were plated at a density of 8 Â 10 4 cells/well in 24-well plates, and stimulated as indicated for 2 days. Cell supernatants were collected and pooled with adherent cells that were detached with trypsin-EDTA (Invitrogen). Subsequently, cells were harvested, washed twice in FACS buffer (PBS containing 1% FCS and 0.1% NaN 3 ) and resuspended in propidium iodide-containing FACS buffer (4 mg/ml). The extent of cell death was analyzed with a FACSCalibur flow cytometer (Becton Dickinson, Mountain View, CA, USA).
IL-8 ELISA. Concentration of IL-8 in cell supernatants was measured by ELISA using 96-well Immunlon plates (Dynatech Laboratories, Chantilly, VA, USA). ELISA was performed using the mAb MAB208 for capture and a biotinylated polyclonal rabbit anti-human IL-8 Ab (R&D Systems, Minneapolis, MN, USA) followed by streptavidin HRP for detection. ELISA was developed using o-phenylenediamine (Sigma) as a substrate, and OD was determined at a wavelength of 490 nm using a Spectramax plate reader (Molecular Devices, Sunnyvale, CA, USA). All values were interpolated from a semilog fit of a curve generated from IL-8 standards.
siRNA assays. The following siRNAs used in this study were purchased from QIAGEN: RIP2 (#3), caspase 8 (#7 and #11), caspase 9 (#1 and #7) and TAK1 (#1 and #3). MCF-7 cells were transfected with 5 nM double-stranded siRNA using HiPerfect transfection reagent (Qiagen) according to the manufacturer's protocol. At 72 h after transfection, cells were subjected to various assays.
